From the ethyl acetate fraction of the Indonesian sponge Callyspongia aerizusa extract, a new cyclic peptide named callyaerin G was isolated. Its structure was elucidated by extensive 1D and 2D NMR (1H NMR, TOCSY and ROESY) studies and mass spectrometric data (ESI-and FAB-MS). The stereochemistry was determined by Marfey`s analysis. Callyaerin G was found to exhibit cytotoxic activity when tested against different cancer cell lines.
Introduction
Sponges belonging to the genus Callyspongia have been reported to yield unusual secondary metabolites with pronounced biological activities. Examples of these secondary metabolites are polyacetylenic compounds with different chain lengths, [1] [2] [3] [4] [5] depsipeptides, 6 and cyclic peptides. 7, a,b Our ongoing research for biologically active metabolites from marine organisms led to the isolation of a new cyclic peptide from the Indonesian sponge Callyspongia aerizusa, for which we propose the name callyaerin G. In this paper, we describe the isolation and structural elucidation of this new cyclic peptide, together with its cytotoxic activity.
Results and Discussion
The ethyl acetate fraction of the freeze-dried sponge Callyspongia aerizusa afforded a new cyclic peptide with potent cytotoxic activity. The amino acids sequence, position of the terminal NH 2 and the cyclic nature of the isolated compound were deduced by interpretation of its ROESY spectra ( Figure 2 ). The terminal NH 2 showed ROESY correlations to Phe 12-NH, Phe 12-αH and Phe 12-βH, which established the attachment of NH2 to Phe-12. Phe 12-NH showed cross peaks to Phe 11-NH and Phe 11-αH which connected Phe 12 to Phe 11 [substructure A]. Gly 10, Phe 9 and Pro 8 were linked to give the tri-peptide substructure B. This was justified by the ROESY correlations of Gly 10-NH, Pro 8-αH to Phe 9-NH and Phe 9-αH, Phe 9-βH to Pro 8-αH. The connectivity of substructure A and B was confirmed by the ROESY correlations of Phe 11-NH to Gly 10-NH and Gly 10-αH and Phe 11-αH to Gly 10-αH. These two substructures constitute a linear pentapeptide side chain. The ESI-and FAB-MS spectra, which gave a fragment ion peak at m/z 682 for [M-(NH2 + Phe 12 + Phe 11 + Gly 10 + Phe 9 + Pro 8)]
+ provided further confirmation of the AB substructure. The FGly 7-NH ROESY correlation to Leu 1-NH and FGly 7-βH to Leu 1-αH and Leu 1-βH assigned the amide linkage of FGly 7 to Leu 1 to give substructure C. Pro-2, Pro-3 and Pro-4 were linked to give tri-peptide substructure D, which was proven by the ROESY correlations of Pro 2-αH and Pro 2-βH to Pro 3-δH and Pro 3-αH to Pro 4-αH. The amide linkage between substructures C and D was confirmed by the cross peaks between Leu 1-NH and Leu 1-αH to Pro 2-αH and Pro 2-δH to Leu 1-αH. Pro 5-αH and Pro 5-βH showed correlations to Leu 6-NH, as well as Leu 6-αH to Pro 5-αH [substructure E]. Substructures D and E were connected through the observed ROESY correlations of Pro 4-αH to Pro 5-αH. ROESY correlations of FGly 7-NH to Leu 6-NH and Leu 6-αH established the cyclization via amide bond formed between FGly 7 and Leu 6. The attachment of the cyclic peptide part to the linear peptide chain was confirmed by the ROESY correlations of FGly 7-NH to Pro 8-δH.
Comparison of the NMR data and molecular weight of the isolated compound with those of the previously reported callyaerins from Callyspongia aerizusa 8a,b in combination with a careful inspection of the 1 H NMR, TOCSY and ROESY spectra allowed the complete assignment of all signals to this new natural product which we assign the name callyaerin G, a cyclic peptide linked to linear peptide side chain through an α-amido-β-aminoacrylamide functional group. 7 This is formed by the condensation of the aldehyde group of formyl glycine (FGly) and the amino group of Leu 1 to give a conjugated acrylamide function through carbinol amine directly or isomerization of a Schiff base. 9 This functional group in a peptide has to date only been described from the sponge of the genus Callyspongia. 7, 8a,b To the best of our knowledge this is the first report of a peptide containing a terminal NH 2 .
8a,b
The stereochemistry of the individual amino acid constituents of callyaerin G was determined by acid hydrolysis of the parent peptide and consequent derivatization using Marfey´s analysis. 10 Stereochemical assignments were made using LC-MS technique to compare the amino acids of this peptide with appropriate standards. The LC-MS analysis of the resulting (N-(5-fluoro-2,4-dinitrophenyl)-L-leucinamide) derivatives led to the assignment of L configuration of all amino acid residues. Callyaerin G was found to be cytotoxic towards the mouse lymphoma cell line (L5178Y) and HeLa cells with ED50(s) of 0.53 and 5.4 ug/mL, respectively, while it was found to be inactive against PC12. 
Experimental Section
General Procedures. Melting points were carried out using an Electrothermal 9100 Digital Melting Point apparatus (Electrothermal Engineering Ltd, Essex, England). MeOH and CH 2 Cl 2 (1:1) were the crystallization solvents used prior to melting point measurement. The UV spectrum was determined using Perkin Elmer double beam spectrophotometer Model 550S, attached to a Hitachi recorder Model 561, using 1 cm quartz cell. The IR was measured on a Shimadzu Infrared-400 spectrophotometer (Kyoto, Japan) and the optical rotation was measured on a Perkin-Elmer Model 341 LC Polarimeter (Waltham, Massachusetts, USA). ESI-and LC-MS spectra were obtained with a LCQ DECA mass spectrometer (ThermoFinnigan, Bremen, Germany) coupled to an Agilent 1100 HPLC system equipped with a photodiode array detector. FAB-MS was determined using an API 2000 mass spectrometer and HRESIMS was recorded on a LTQ Orbitrap (ThermoFinnigan, Bremen, Germany). Column chromatography was performed using silica gel 60 (0.04-0.063 mm, Merck), while pre-coated silica gel 60 F 254 plates ( Merck) were used for TLC analyses. Nuclear magnetic resonance analyses were recorded on Bruker Unity 600 MHz spectrometer using DMSO-d 6 as solvent. HPLC separation was performed on a semi-preparative HPLC system consisting of a Lachrom-Merck Hitachi L-7100 pump and a L-
